
USOO8315690B2 

(12) United States Patent (10) Patent No.: US 8,315,690 B2 
Groszmann et al. (45) Date of Patent: Nov. 20, 2012 

(54) DYNAMIC REFERENCE METHOD AND 5,779,694. A * 7/1998 Howard et al. ............ 604/891.1 
6,675,037 B1 * 1/2004 Tsekos ........... ... 600,417 

SYSTEM FOR INTERVENTIONAL 6,947,788 B2* 9/2005 Gilboa et al. ... 600,435 
PROCEDURES 6,973,339 B2* 12/2005 Govari ........... ... 600,374 

7,850,685 B2 * 12/2010 Kunis et al. ..................... 606, 41 
(75) Inventors: Daniel Eduardo Groszmann, 8,060,184 B2 * 1 1/2011 Hastings et al. .............. 600,424 

Cambridge, MA (US); Michel Francois 3.93SE7 A. 1 38 E. et al. 
OSaa 

Grimaud, NE Yves 2005/0107687 A1* 5/2005 Anderson ..................... 600,424 
Lucien Trousset, Palaiseau (FR) 2005, 016951.0 A1 8, 2005 Zuhairs et al. 

2006, OO39591 A1 2/2006 Zettel et al. 
(73) Assignee: General Electric Company, 2008, 0079421 A1* 4/2008 Jensen ..................... 324,207.17 

Schenectady, NY (US) FOREIGN PATENT DOCUMENTS 

(*) Notice: Subject to any disclaimer, the term of this WO WO 2007/113719 * 10/2007 
patent is extended or adjusted under 35 OTHER PUBLICATIONS 
U.S.C. 154(b) by 645 days. 

Aron, Michael; Coupling electromagnetic sensors and ultrasound 
(21) Appl. No.: 11/906,445 images for tongue tracking: acquisition set up and preliminary 

results; 7th International Seminar on Speech Production—ISSP'06 
(22) Filed: Oct. 2, 2007 (2006) inria-001106304 Version 1. 

(65) Prior Publication Data * cited by examiner 

US 2009/OO886.29 A1 Apr. 2, 2009 Primary Examiner — Long V Le 
Assistant Examiner — Nicholas Evoy 

(51) Int. Cl. (74) Attorney, Agent, or Firm — Fletcher Yoder, P.C. 
A6IB5/05 (2006.01) 

(52) U.S. Cl. ......... 600/424; 600/422: 600/423: 600/426 (57) ABSTRACT 
(58) Field of Classification Search ........................ None An interventional device configured for placement in or near 

an internal organ or tissue is provided. The interventional 
device includes a reference portion having three or more 
sensor elements. In one implementation, the interventional 

U.S. PATENT DOCUMENTS device and associated SSO elements provide dynamic ref 
erencing of the internal organ, tissue or associated vasculature 

See application file for complete search history. 

(56) References Cited 

ck 

$2. A ck 23: Eas . . . . . . . . . . . . . . . . 885, after registration of the sensor data with images and/or Volu 
5.211165 A * 5/1993 Dumoninet al... 600,410 metric representations of the internal organ or tissue. 
5,654,864 A * 8/1997 Ritter et al. ................... 361,141 
5,707,335 A * 1/1998 Howard et al. ................. 600/12 7 Claims, 5 Drawing Sheets 

10 
20 

18 

14 16 

  



U.S. Patent Nov. 20, 2012 Sheet 1 of 5 US 8,315,690 B2 

10 N 
2O 

18 

FIG. 1 

  

  



U.S. Patent Nov. 20, 2012 Sheet 2 of 5 US 8,315,690 B2 

56 
H FIG. 3 

34 

58 

RECEIVER 
CIRCUITRY 

36 

N56 

40 

MOVEMENT AND DATA ACQUISITION 
CONTROL CIRCUITRY CIRCUITRY 

DATA 
PROCESSING 
CIRCUITRY 

DISPLAY 
CIRCUITRY 

USER 
INTERFACE DISPLAY 

62 64 

  

    

  

  



U.S. Patent Nov. 20, 2012 Sheet 3 of 5 US 8,315,690 B2 

70 N. 

80 

lm H - - - - o 

PROCESSOR/PROCESSING CIRCUITRY 

96 

84 92 94 

NTTT 
X-RAY MOTOR iR POSITION /ORIENTATION 

CONTROLLER CONTROLLER DATA ACQUISITION SYSTEM | SYSTEM 

90 100 

MEMORY N-98 

DISPLAY 108 

106 OPERATOR 
INTERFACE 

PRINTER 110 

FIG. 4 

  

  



U.S. Patent Nov. 20, 2012 

120 

ACQUIRE IMAGE DATA 

122 IMAGE 
DATA 

124-NGENERATE IMAGES 
OR VOLUMES 

128 

SEGMENT REGION OF INTEREST 
FROM IMAGES OR WOLUMES 

130 SEGMENTED 
REGION 

132 

GENERATE SHAPE MODEL 
OF REGION OF INTEREST 

134 REGION 
MODEL 

FIG. 5 

Sheet 4 of 5 US 8,315,690 B2 

140 

PLACE REFERENCE PORTION OF 
INTERVENTIONAL DEVICE PROXIMATE 
TO OR INSIDE INTERNAL ORGAN 

142 

ACQUIRE POSITION AND /OR 
ORIENTATION DATA FOR 
SENSOR COMPONENTS 

POSITION / 
ORIENTATION 

DATA / 14 
146 

GENERATE SHAPE MODEL 
OF INTERVENTIONAL DEVICE 

148 
150 

REGISTER DEVICE AND 
REGION MODELS 

152 

TRACK INTERVENTIONAL TOOL 

  

  

  

    

  

  

  



U.S. Patent Nov. 20, 2012 Sheet 5 of 5 US 8,315,690 B2 

120 NACQUIRE IMAGE DATA 
156 

122 MA 
S. PLACE REFERENCE PORTION OF 

INTERVENTIONAL DEVICE PROXIMATE 

124-NGENERATE IMAGES 
OR WOLUMES 

ACQUIRE POSITION DATA 158 

126 yOS/ FOR SENSOR COMPONENTS 

162 
POSITION / ORIENTATION 

DATA 
(SENSOR) 160 

O OR INSIDE INTERNAL ORGAN 

IDENTIFY SENSOR COMPONENT 
POSITIONS WITHIN 
MAGES OR WOLUMES 

166 

MATCH SENSOR COMPONENTS 
THIN THE IMAGE-BASED AND 

SENSOR-BASED POSITION DATA 

POSITION 
DATA 

(IMAGE) 

164 

168 

REGISTER POSITION DATA 
FROM SENSOR COMPONENTS 
WITH IMAGES/VOLUMES 

FIG. 6 
152 

  

  

  

  



US 8,315,690 B2 
1. 

DYNAMIC REFERENCE METHOD AND 
SYSTEM FOR INTERVENTIONAL 

PROCEDURES 

BACKGROUND 

The present technique relates generally to interventional 
procedures, such as interventional medical procedures. In 
particular, the present technique relates to image-guided 
interventional techniques, such as those used in conjunction 
with various radiology procedures. 
As medical imaging technologies have matured, it has 

become possible to combine the use of medical imaging 
techniques with the performance of invasive procedures. For 
example, interventional procedures such as biopsies and 
tumor ablations may benefit from the use of imaging tech 
niques that allow a clinician to visualize the target region 
along with the intervention device while the procedure is 
being performed. In this way, the clinician may guide the 
interventional device to the target region with relative accu 
racy and, perhaps, without unnecessary tissue damage. 

In practice. Such image-guided interventional techniques 
typically employ a tracking frame of reference device placed 
proximate to the anatomy of interest. The reference device 
moves with the patient to provide accurate and consistent 
tracking of the anatomy of interest. Typically, the reference 
device needs to be rigidly secured to the anatomy of interest. 
As a result, the reference device is generally attached to hard 
bone near the anatomy of interest. As a result, such image 
guided interventional techniques are generally limited to 
regions in the body bounded by bony anatomy, such as cranial 
neurosurgery, spine, orthopedic, and sinus procedures. 

While such techniques are useful, clearly there are other 
areas of the body that are not bounded by bony structures and 
that might also benefit from Such image-guided techniques. 
However, regions of the body that are not bounded by such 
bony structures. Such as cardiac and abdominal regions, cur 
rently cannot benefit from Such image-guided techniques due 
to the inability to affix a reference device proximate to the 
anatomy of interest. Further, many internal organs that might 
benefit from image-guided interventional techniques can 
move, such as due to respiration, gravity, and so forth, and 
therefore, present additional interventional challenges. In 
addition, even in regions of the anatomy where there is proxi 
mate bone, it may not be desirable to attacha reference device 
to the bone. Therefore, it is desirable to provide a reference 
technique for image-guided interventional procedures that 
does not require a reference device affixed to skeletal struc 
tures. 

BRIEF DESCRIPTION 

The present technique is generally directed to the dynamic 
referencing of an internal structure in an image-guide inter 
ventional procedure. In one implementation, an interven 
tional device having three or more sensor elements is pro 
vided. In such an embodiment, the interventional device is 
placed on or in an internal structure. Such as an internal organ 
or vasculature. Such as during an interventional procedure. 
Signals or fields generated by the sensor elements, such as 
electromagnetic signals or fields, may be used to determine 
the positions of the sensor elements. The positions of the 
sensor elements may then be registered with a set of image 
based data which may or may not include image data repre 
sentative of the sensor elements. In one embodiment, the 
registration occurs automatically. Once the signals generated 
by the sensor elements is registered with the images or Volu 
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2 
metric representations of the internal structure, the position 
and orientation information derived from the sensorelements 
may be used to modify or adjust the visual representation of 
the internal structure to reflect motion or deformation of the 
structure. The modified or adjusted visual representation may 
then be used to allow a Surgeon or other clinician to perform 
an image-guided invasive procedure based on images reflect 
ing the current position and shape of the internal structure. 

In accordance with one aspect of the present technique, an 
interventional device is provided. The interventional device 
includes a reference portion configured for placement proxi 
mate to or inside an internal organ Such that the reference 
portion moves with the internal organ. The reference portion 
is not physically attached to the internal organ when So 
placed. The interventional device also includes three or more 
sensor elements integrated on the reference portion. The three 
or more sensor elements are configured to provide at least 
position information. 

In accordance with a further aspect of the present tech 
nique, a method for tracking dynamic motion of an organ is 
provided. The method includes the act of generating a first set 
of position data for three or more sensor components inte 
grated on a reference portion of an interventional device. The 
reference portion is placed proximate to or inside of an inter 
nal organ. The first set of position data is based on signals or 
fields generated by the sensor components. A second set of 
position data for the three or more sensor components is 
generated based on an identification of the three or more 
sensor components in one or more images or Volumetric 
representations of the internal organ. Corresponding sensor 
components are identified in the first set of position data and 
the second set of position data. The first set of position data is 
registered with the one or more images or Volumetric repre 
sentations based on the identification of corresponding sensor 
components in the first set of position data and the second set 
of position data. 

In accordance with an additional aspect of the present 
technique, a method for tracking dynamic motion of an organ 
is provided. The method includes the act of generating a 
position and orientation data for three or more sensor com 
ponents integrated on a reference portion of an interventional 
device. The reference portion is placed proximate to or inside 
ofan internal organ. The position and orientation data is based 
on signals or fields generated by the sensor components. A 
shape model of the interventional device is generated based 
on the position and orientation data. A region of interest is 
segmented in one or more images or Volumetric representa 
tions. The region of interest comprises at least one of the 
internal organ, a portion of the internal organ, or a region 
proximate or connected to the internal organ. A shape model 
of the region of interest is generated based on the segmenta 
tion. The shape model of the interventional device is regis 
tered with the shape model of the region of interest. 

DRAWINGS 

These and other features, aspects, and advantages of the 
present invention will become better understood when the 
following detailed description is read with reference to the 
accompanying drawings in which like characters represent 
like parts throughout the drawings, wherein: 

FIG. 1 depicts an interventional device including sensor 
components, in accordance with an exemplary embodiment 
of the present technique; 

FIG. 2 depicts an interventional device inserted into an 
organ, in accordance with an exemplary embodiment of the 
present technique; 
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FIG. 3 depicts exemplary components of an imaging sys 
tem and a position determining system, in accordance with an 
exemplary embodiment of the present technique; 

FIG. 4 depicts exemplary components of a computed 
tomography or three-dimensional fluoroscopy imaging sys 
tem and a position determining system, in accordance with an 
exemplary embodiment of the present technique; 

FIG. 5 depicts exemplary acts for using a position deter 
mining system, in accordance with an exemplary embodi 
ment of the present technique; and 

FIG. 6 depicts exemplary acts for using a position deter 
mining system, in accordance with a further exemplary 
embodiment of the present technique. 

DETAILED DESCRIPTION 

The present technique is directed to dynamic referencing 
of internal organs for image-guided interventional proce 
dures. In particular, the present technique utilizes an interven 
tional device configured with one or more tracking devices. 
The interventional device is configured for placement next to 
or in an internal organ of interest Such that movement of the 
organ can be tracked in conjunction with acquired images or 
image data. In particular, in an exemplary embodiment, the 
movement of the tracking devices is automatically registered 
with the image data, without the use of anatomical or fiducial 
markers. In this manner, an image-guided interventional pro 
cedure may be performed using the dynamic reference infor 
mation acquired using the interventional device. Because the 
interventional device can be associated with the anatomy of 
interest without being affixed to bone, the present technique 
may be suitable for use with percutaneous procedures per 
formed on internal organs that may move or be moved and 
which are not close to a suitable skeletal anchor. Examples of 
Such organs include, but are not limited to the liver, lungs, 
kidneys, pancreas, bladder, and so forth. 

For example, referring to FIG. 1, an interventional device 
10 is depicted that is Suitable for placement near, in, or on an 
organ of interest. The interventional device 10 includes a 
reference portion 14. The reference portion 14 includes three 
or more sensor elements 16 that, in an exemplary embodi 
ment, may be used to acquire position information relating to 
the reference portion 14. In the depicted embodiment, a con 
ductive element 18 is also provided which may be suitable for 
providing power to the sensor elements 16 in implementa 
tions in which the sensor elements are powered. 

For example, in an exemplary embodiment, the interven 
tional device 10 is a catheter 20. An example of such a catheter 
20 might be a 7-french straight catheter suitable for introduc 
tion via a jugular or femoral vein and for insertion of the tip, 
here depicted as reference portion 14, into the hepatic (or 
other) vasculature, as depicted in FIG. 2. In such an embodi 
ment, the catheter tip may be guided to the hepatic vein 24 (or 
other vein) under fluoroscopy after introduction of a suitable 
contrast agent to the blood stream. Once at the liver 26, the tip 
of the catheter 20 can be lodged into the hepatic vein 24 such 
that the reference portion 14 is deep within the liver 26 and in 
a stable position. In Such an implementation, because the liver 
26 moves essentially as a rigid body during respiration and 
because the reference portion 14 is lodged within the hepatic 
vein 24, the reference portion 14 will move with the liver 26. 
Because the reference portion 14 will move with the liver 26, 
the reference portion 14 can act as a dynamic reference with 
regard to the liver 26. As a result, an interventional procedure, 
such as insertion of a biopsy needle 28 into a structure of 
interest 30, can be performed using image-guided techniques 
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4 
using position or motion information obtained using the sen 
sor elements 16 integrated on the reference portion 14. 

Typically, the sensor elements 16 are not provided in a 
linear arrangement, i.e., the sensor elements 16 do not form a 
single line. Such that the respective sensor elements 16 can be 
distinguished from one another based upon their known spa 
tial relationships. For example, in the exemplary depicted 
embodiments of FIGS. 1 and 2, the sensor elements 16 are 
provided on a curved portion of the catheter 20 such that the 
information received from the sensorelements 16 can be used 
to distinguish the respective sensor elements 16 from one 
another based on known spatial and/or geometric relationship 
of the sensor elements 16 to one another. 

In one embodiment, the sensor elements 16 are provided as 
electromagnetic (EM) microsensors, such as Solid or hollow 
EM coils, that are integrated into or securely attached to the 
interventional device 10. In implementations employing Such 
EM coils, each EM sensor coil can provide information 
regarding the orientation of the respective coil in two direc 
tions. In one embodiment, however, a single coil cannot pro 
vide sufficient information to determine the roll of the respec 
tive coil since the coils are axisymmetric. Therefore, each 
coil, in Such an embodiment, has five degrees of freedom. Ifat 
least two such coils are combined into or integrated onto a 
device, such as the interventional device 10, so that the coils 
have a known and fixed relationship to one another, then six 
degrees of freedom (x, y, Z, roll, pitch, yaw) can be deter 
mined from the aggregate or combined information obtained 
form the two or more coils. In this way, the EM fields gener 
ated by the EM coils may be used to determine the position 
and orientation of the portion of the interventional device 
upon which they are integrated. For example, in the embodi 
ment depicted in FIGS. 1 and 2, the sensor elements 16 
(which are presumed to be EM coils in this example) that are 
fixed on the reference portion 14 of the catheter 20 allow the 
position and orientation of the reference portion 14 of the 
catheter 20 to be determined based upon the EM fields gen 
erated by the EM coils. 
As described above, an interventional device 10 may be 

used accordance with the present technique to allow image 
guided invasive procedures. As will be appreciated, any imag 
ing modality Suitable for use in an image-guided interven 
tional procedure may be employed in the present technique. 
Examples of Such imaging modalities include X-ray based 
imaging techniques which utilize the differential attenuation 
of X-rays to generate images (such as three-dimensional fluo 
roscopy, computed tomography (CT), tomosynthesis tech 
niques, and other X-ray based imaging technologies). Other 
exemplary imaging modalities Suitable for image-guided 
interventional procedures may include magnetic resonance 
imaging (MRI), ultrasound or thermoacoustic imaging tech 
niques, and/or optical imaging techniques. Likewise, nuclear 
medicine imaging techniques (such as positron emission 
tomography (PET) or single positron emission computed 
tomography (SPECT)) that utilize radiopharmaceuticals may 
also be suitable imaging technologies for performing image 
guided interventional procedures. Likewise, combined imag 
ing modality systems, such as PET/CT systems, may also be 
Suitable for performing image-guided interventional proce 
dures as described herein. Therefore, throughout the present 
discussion, it should be borne in mind that the present tech 
niques are generally independent of the system or modality 
used to acquire the image data. That is, the technique may 
operate on stored raw, processed or partially processed image 
data from any Suitable source. 

For example, turning now to FIG. 3, an overview of an 
exemplary generalized imaging system 34, which may be 
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representative of various imaging modalities, is depicted. The 
generalized imaging system 34 typically includes some type 
of imager 36 which detects signals and converts the signals to 
useful data. As described more fully below, the imager 36 
may operate in accordance with various physical principles 
for creating the image data. In general, however, image data 
indicative of regions of interest in a patient 38 are created by 
the imager 36 in a digital medium for use in image-guided 
interventional procedures. 
The imager 36 may be operated by system control circuitry 

40 which controls various aspects of the imager operation and 
acquisition and processing of the image data as well as 
dynamic reference data acquired using the present tech 
niques. In the depicted generalized embodiment, the system 
control circuitry 40 includes movement and control circuitry 
42 useful in operating the imager 36. For example, the move 
ment and control circuitry 42 may include radiation Source 
control circuits, timing circuits, circuits for coordinating the 
relative motion of the imager 36 (such as with regard to a 
patient Support and/or detector assembly), and so forth. The 
imager 36, following acquisition of the image data or signals, 
may process the signals, such as for conversion to digital 
values, and forwards the image data to data acquisition cir 
cuitry 44. For digital systems, the data acquisition circuitry 44 
may perform a wide range of initial processing functions, 
Such as adjustment of digital dynamic ranges, Smoothing or 
sharpening of data, as well as compiling of data streams and 
files, where desired. The data are then transferred to data 
processing circuitry 46 where additional processing and 
analysis are performed. For the various digital imaging sys 
tems available, the data processing circuitry 46 may perform 
substantial reconstruction and/or analyses of data, ordering of 
data, sharpening, Smoothing, feature recognition, and so 
forth. 

In addition to processing the image data, the processing 
circuitry 46 may also receive and process motion or location 
information related to an anatomical region of interest. Such 
as the depicted internal organ 48 and/or lesion 50. In the 
depicted embodiment, an interventional device 10 is placed 
on or near the internal organ 48 (here depicted as the liver of 
the patient 26). The interventional device 10, as discussed 
above, is provided with numerous (for example, three or 
more) sensor elements 16 (see FIGS. 1 and 2) configured to 
provide position information. In an exemplary embodiment, 
the sensor elements 16 are EM coils each configured togen 
erate a distinctive and distinguishable EM field. In certain 
embodiments where the sensor elements 16 are powered, the 
sensorelements 16 may be connected. Such as via one or more 
conductive wires 52 running through the catheter, to suitable 
power circuitry 54, Such as an electrical power source or 
outlet or a suitable battery. While in the depicted embodiment 
the power circuitry 54 is depicted as being separate from the 
system control circuitry 40, in other embodiments the power 
circuitry 54 may be part of the system control circuitry 40. 

In the depicted embodiment, the signals or fields generated 
by the sensor elements 16 are detected by one or more anten 
nas 56. The detected location information is provided to or 
acquired by receiver circuitry 58 which in turn provides the 
location data to the processing circuitry 46. As discussed in 
greater detail below, the location data may be used in con 
junction with the image data to facilitate an image-guided 
procedure. 
The processed image data and/or location data may be 

forward to display circuitry 60 for display at a monitor 62 for 
viewing and analysis. While operations may be performed on 
the image data prior to viewing, the monitor 62 is at Some 
point useful for viewing reconstructed images derived from 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
the image data collected. The images may also be stored in 
short or long-term storage devices which may be local to the 
imaging system 34, Such as within the system control cir 
cuitry 40, or remote from the imaging system 34, Such as in 
picture archiving communication systems. The image data 
can also be transferred to remote locations, such as via a 
network. 

For simplicity, certain of the circuitry discussed above, 
Such as the movement and control circuitry 42, the data acqui 
sition circuitry 44, the processing circuitry 46, and the display 
circuitry 60, are depicted and discussed as being part of the 
system control circuitry 40. Such a depiction and discussion 
is for the purpose of illustration only, however, and is intended 
to merely exemplify one possible arrangement of this cir 
cuitry in a manner that is readily understandable. Those 
skilled in the art will readily appreciate that in other embodi 
ments the depicted circuitry may be provided in different 
arrangements and/or locations. For example, certain circuits 
may be provided in different processor-based systems or 
workstations or as integral to different structures, such as 
imaging workstations, system control panels, and so forth, 
which functionally communicate to accomplish the tech 
niques described herein. 
The operation of the imaging system 34 may be controlled 

by an operator via a user interface 64 which may include 
various user input device, such as a mouse, keyboard, touch 
screen, and so forth. Such a user interface may be configured 
to provide inputs and commands to the system control cir 
cuitry 40, as depicted. Moreover, it should also be noted that 
more than a single user interface 64 may be provided. Accord 
ingly, an imaging scanner or station may include an interface 
which permits regulation of the parameters involved in the 
image data acquisition procedure, whereas a different user 
interface may be provided for manipulating, enhancing, and 
viewing resulting reconstructed images. 
To discuss the technique in greater detail, a specific medi 

cal imaging modality based generally upon the overall system 
architecture outlined in FIG. 3 is depicted in FIG. 4, which 
generally represents an X-ray based system 70. It should be 
noted that, while reference is made in FIG. 4 to an X-ray 
based system, the present technique also encompasses other 
imaging modalities, as discussed above, such as MRI, PET, 
SPECT, ultrasound, and so forth. 

In the depicted exemplary embodiment, FIG. 4 illustrates 
diagrammatically an X-ray based imaging system 70 for 
acquiring and processing image data. In the illustrated 
embodiment, imaging system 70 is a computed tomography 
(CT) system or three-dimensional fluoroscopy imaging sys 
tem designed to acquire X-ray projection data, to reconstruct 
the projection data into a two or three-dimensional image, and 
to process the image for display and analysis in accordance 
with the present technique. In the embodiment illustrated in 
FIG. 4, X-ray based imaging system 70 includes a source of 
X-ray radiation 72 positioned adjacent to a collimator 74. The 
X-ray source 72 may be a standard X-ray tube or one or more 
Solid-sate X-ray emitters. 

In the depicted embodiment, the collimator 74 permits a 
stream of radiation 76 to pass into a region in which a Subject, 
such as the patient 38 is positioned. The stream of radiation 76 
may be generally fan or cone shaped, depending on the con 
figuration of the detector array as well as the desired method 
of data acquisition. A portion of the radiation 78 passes 
through or around the patent 38 and impacts a detector array, 
represented generally as reference numeral 80. Detector ele 
ments of the array produce electrical signals that represent the 
intensity of the incident X-ray beam. The signals generated 
by the detector array 80 may be subsequently processed to 
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reconstruct a visual representation (i.e., an image or Volumet 
ric representation) of the features within the patient 38. For 
example, images of the internal organ 48 may be recon 
structed in the depicted embodiment. 
A variety of configurations of the detector 80 may be 

employed in conjunction with the techniques described 
herein. For example, the detector 80 may be a multi-row 
detector, such as a detector having eight or sixteen rows of 
detector elements, which achieves limited longitudinal cov 
erage of the object or patient being scanned. Similarly, the 
detector 80 may be an area detector. Such as a high-resolution 
radiographic detector having hundreds of rows of detector 
elements, which allows positioning of the entire object or 
organ being imaged within the field of view of the system 70. 
Regardless of the configuration, the detector 80 enables 
acquisition and/or measurement of the data used in image 
reconstruction of the internal organ 48. 
The source 72 is controlled by a system controller 84, 

which furnishes both power, and control signals for exami 
nation procedures. Moreover, the detector 80 is coupled to the 
system controller 84, which commands acquisition of the 
signals generated in the detector 80. The system controller 84 
may also execute various signal processing and filtration 
functions, such as for initial adjustment of dynamic ranges, 
interleaving of digital image data, and so forth. In general, 
system controller 84 commands operation of the imaging 
system 70 to execute examination protocols and to process 
acquired data. In the present context, system controller 84 
also includes signal processing circuitry, typically based 
upon a general purpose or application-specific digital com 
puter, associated memory circuitry for storing programs and 
routines executed by the computer (such as programs and 
routines for implementing the present technique), as well as 
configuration parameters and image data, interface circuits, 
and so forth. 

In the embodiment illustrated in FIG. 4, the system con 
troller 84 is coupled to a linear positioning subsystem 86 and 
rotational subsystem 88. The rotational subsystem 88 enables 
the X-ray source 72, collimator 74 and the detector 80 to be 
rotated one or multiple turns around the patient 38. It should 
be noted that the rotational subsystem 88 might include a 
gantry or C-arm apparatus. Thus, the system controller 84 
may be utilized to operate the gantry or C-arm. The linear 
positioning Subsystem 86 typically enables a patient Support, 
Such as a table, upon which the patient rests, to be displaced 
linearly. Thus, the patient table may be linearly moved rela 
tive to the gantry or C-arm to generate images of particular 
areas of the patient 38. 

Additionally, as will be appreciated by those skilled in the 
art, the source 72 of radiation may be controlled by an X-ray 
controller 90 disposed within the system controller 84. Par 
ticularly, the X-ray controller 90 may be configured to pro 
vide power and timing signals to the X-ray Source 72. A motor 
controller 92 may also be part of the system controller 84 and 
may be utilized to control the movement of the rotational 
subsystem 88 and the linear positioning subsystem 86. 

Further, the system controller 84 is also illustrated as 
including an image data acquisition system 94. In this exem 
plary embodiment, the detector 80 is coupled to the system 
controller 84, and more particularly to the image data acqui 
sition system 94. The image data acquisition system 94 
receives data collected by readout electronics of the detector 
80. The image data acquisition system 94 typically receives 
sampled analog signals from the detector 90 and converts the 
data to digital signals for Subsequent processing by process 
ing circuitry 96, which may, for example, be one or more 
processors of a general or application specific computer. 
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8 
As depicted, the system controller 84 also includes a posi 

tion/orientation data acquisition system 100 configured to 
acquire position and orientation data from one or more anten 
nas 102. In the depicted embodiment, the one or more anten 
nas 102 detect signals and/or fields generated by sensor ele 
ments 16 on an interventional device 10 placed on or in the 
internal organ 48 undergoing imaging or in the vasculature 
associated with the internal organ 48. The position? orienta 
tion data acquisition system 100 processes signals acquired 
from the antennas 102 to generate position and/or orientation 
information about the interventional device 10 which is rep 
resentative of the internal organ 48 or of vasculature associ 
ated with the internal organ 48. The position and/or orienta 
tion information generated by the position? orientation data 
acquisition system 100 may be provided to the processing 
circuitry 96 and/or a memory 98 for subsequent processing. 
The processing circuitry 96 is typically coupled to the 

system controller 84. The data collected by the image data 
acquisition system 94 and/or by the position? orientation data 
acquisition system 100 may be transmitted to the processing 
circuitry 96 for Subsequent processing and visual reconstruc 
tion. The processing circuitry 96 may include (or may com 
municate with) a memory 98 that can store data processed by 
the processing circuitry 96 or data to be processed by the 
processing circuitry 96. It should be understood that any type 
of computer accessible memory device capable of storing the 
desired amount of data and/or code may be utilized by Such an 
exemplary system 70. Moreover, the memory 98 may include 
one or more memory devices, such as magnetic or optical 
devices, of similar or different types, which may be local 
and/or remote to the system 70. The memory 98 may store 
data, processing parameters, and/or computer programs hav 
ing one or more routines for performing the processes 
described herein. 
The processing circuitry 96 may be adapted to control 

features enabled by the system controller 84, i.e., Scanning 
operations and data acquisition. For example, the processing 
circuitry 96 may be configured to receive commands and 
scanning parameters from an operator via an operator inter 
face 106 typically equipped with a keyboard and other input 
devices (not shown). An operator may thereby control the 
system 70 via the input devices. A display 108 coupled to the 
operator interface 106 may be utilized to observe a recon 
structed visual representation. Additionally, the recon 
structed image may also be printed by a printer 110, which 
may be coupled to the operator interface 106. As will be 
appreciated, one or more operator interfaces 106 may be 
linked to the system 70 for outputting system parameters, 
requesting examinations, viewing images, and so forth. In 
general, displays, printers, workstations, and similar devices 
Supplied within the system may be local to the data acquisi 
tion components, or may be remote from these components, 
Such as elsewhere within an institution or hospital, or in an 
entirely different location, linked to the image acquisition 
system via one or more configurable networks, such as the 
Internet, virtual private networks, and so forth. 
The processing circuitry 96 may also be coupled to a pic 

ture archiving and communications system (PACS) 112. 
Image data generated or processed by the processing circuitry 
96 may be transmitted to and stored at the PACS 112 for 
Subsequent processing or review. It should be noted that 
PACS 112 might be coupled to a remote client 114, radiology 
department information system (RIS), hospital information 
system (HIS) or to an internal or external network, so that 
others at different locations may gain access to the image 
data. 
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The systems and devices described above may be utilized, 
as described herein, to provide dynamic referencing for a 
region of a patient undergoing an interventional procedure. In 
an exemplary embodiment, dynamically acquired position 
and orientation data for the region of the patient may be 
acquired using the interventional device 10 and sensor ele 
ments 16 and this data may be automatically registered with 
concurrently or previously acquired image data without the 
use of anatomical or fiducial markers. In this way, the inter 
ventional procedure may be performed or guided based upon 
the dynamically referenced visual representation. 

For example, referring to FIG. 5, exemplary acts corre 
sponding to one implementation of the present technique are 
provided. In the implementation depicted in FIG.5, the image 
data 122 is acquired (Block 120) prior to the invasive proce 
dure. As noted above, the image data 122 may be acquired 
using one or more Suitable imaging modalities, such as three 
dimensional fluoroscopy, CT, MRI, and so forth. In the 
depicted embodiment, the image data 122 is used to generate 
(Block 124) one or more visual representations, such as 
images or volumes 126, of the internal organ 48 (see FIG. 2) 
or and/or associated vasculature. In an exemplary embodi 
ment, the image data 122 is acquired after introduction of a 
contrast agent to the patient’s bloodstream, thereby providing 
good contrast for the vasculature in the image data 122. 
The images or volumes 126 are segmented (Block 128) in 

the depicted implementation to provide one or more seg 
mented regions 130. Such a segmentation process typically 
identifies pixels or those portions of an image representing 
common structures, such as organs, tissues, vasculature, and 
So forth. For example, a segmentation a process may identify 
surfaces or boundaries defining an organ, tissue, or blood 
vessel (such as by changes in intensity or some other thresh 
old criteria). In this way, all of those pixels representing 
respective organs, tissues or blood vessels, portions of Such 
organs, tissues or blood vessels, or regions proximate or con 
nected to such organs, tissues, or blood vessels, may be iden 
tified and distinguished from one another, allowing process 
ing or evaluation of only the portions of an image associated 
with the organs, tissues, or blood vessels of interest. For 
example, in an embodiment where contrast agents are 
employed and the liver and hepatic vasculature are the region 
of interest, the hepatic vein can be segmented in the images 
and/or Volumes 126. In this manner, a geometric or spatial 
model of the segmented hepatic vein can be generated for 
Subsequent procedures, as described below. 
The images or Volumes 126 may be segmented using 

known segmentation techniques, such as intensity and/or Vol 
ume thresholding, connectivity clustering, and so forth. In 
one embodiment, the segmentation allows the organ, tissue, 
blood vessel, or other region of interest to be geometrically or 
spatially modeled, as noted above. In an exemplary embodi 
ment, the segmented region corresponds to the internal organ 
48 or blood vessel within which the interventional device 10 
(see FIGS. 1 and 2) will be placed for dynamic referencing. 
While the depicted actions describe an embodiment in which 
images or Volume 126 generated from the acquired image 
data 122 are segmented, in other embodiments the segmen 
tation may be performed on the image data 122 itself, with the 
segmented image data being Subsequently used to generate 
images or Volume of the internal organ 48, blood vessel, or 
other region of interest. Based upon the segmented image or 
Volume of the internal organ or blood vessel, i.e., the seg 
mented region 130, a model 134 of the region is generated 
(Block 132) which generally corresponds to the internal 
organ 48, blood vessel, or other region of interest as deter 
minable form the imaging process. 
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10 
In some embodiments, the region model 134 may incorpo 

rate image data acquired using more than one type of imaging 
modality. For example, in Some embodiments, it may be 
desirable to use image data derived form both an MRI system 
and an X-ray based imaging system, such as a three-dimen 
sional fluoroscopy system. In Such an embodiment, the sig 
nals acquired by both system may be registered, as discussed 
below, such that the combined images and/or volumes 126, 
segmented region 130 and/or region model 134 consists of or 
is representative of the image information acquired by each 
imaging modality. 

During the invasive procedure performed on the internal 
organ 48 (or other region of interest), the interventional 
device 10 is placed (Block 140) in, on, or near the internal 
organ 48, Such as in the vasculature leading to the internal 
organ 48. As noted above, the interventional device 10 
includes at least three sensor elements 16, which in one 
embodiment, are provided on a reference portion 14 of the 
interventional device 10. The sensor elements 16 generate 
respective signals (such as respective EM fields) which may 
be acquired (Block 142) or measured to derive position and/or 
orientation data 144 for each respective sensor element 16. 
The position and/or orientation data 144 may be used to 
generate (Block 146) a device model 148 representing shape, 
position and/or orientation of the interventional device 10. 
The device model 148 derived from the position and/or 

orientation data 144 is registered (block 150) with the region 
model 134 generated using the imaging process. In an exem 
plary embodiment, the registration of the device model 148 
and the region model 134 is accomplished automatically, 
Such as using iterative closest point techniques. In this man 
ner, the sensor elements 16 of the interventional device 10 are 
automatically registered to the images of the region of inter 
est, i.e., the internal organ 48 and/or associated vasculature, 
thereby allowing the position and/or orientation of the inter 
nal organ 48 or associated vasculature to be modified in a 
visual representation based on the most recent position and/or 
orientation data from the sensor elements 16 of the interven 
tional device. 
An image-guided invasive procedure may be performed 

using the registered device model 148 (based on the position 
and/or orientation data) and region model 134 (based on the 
image data). In particular, once the previously acquired 
image-based information or model is registered to the mea 
Sured position and/or orientation data, changes in the position 
and/or orientation data can be used to visually indicate 
changes to the image-based model. In other words, a dis 
played image of the internal organ 48 or the associated vas 
culature may be updated, modified, altered, or otherwise, 
changed, based on the most current position and/or orienta 
tion data obtained from the sensor elements 16 of the inter 
ventional device 10. In this way, even though no imaging 
processes are occurring during the operation, the previously 
acquired image data can be updated and manipulated to pro 
vide an accurate and current representation of the internal 
organ and/or associated vasculature undergoing the proce 
dure. 

Based on this registration between the region model 134 
(derived the image data) and device model 148 (derived from 
the sensor element data), an interventional tool may be 
tracked (Block 152) during an interventional procedure. 
Examples of such interventional tools that may be tracked 
include biopsy needles, catheters, ablation needles, and so 
forth. Typically the interventional tool being tracked also 
includes a sensor element 16, Such as an EM sensor, so that 
position and/or orientation information for the interventional 
tool is also acquired, thereby allowing the position of the 
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interventional tool to be displayed in conjunction with the 
registered image of the moving and/or deformed internal 
organ 48 or the vasculature of Such an organ. In this manner, 
a system such as those described herein, may display to a user 
in real-time or substantially real-time the location of the inter 
ventional device relative to the moving and/or deformed 
internal organ 48 or its vasculature. 

While the preceding described an implementation in which 
the imaging procedure is performed prior to the interven 
tional procedure, in other implementations the imaging pro 
cedure is performed concurrently with the interventional pro 
cedure. For example, referring to FIG. 6, acts associated with 
a further exemplary embodiment of the present technique are 
depicted. In this embodiment, a reference portion 14 of an 
interventional device 10 is placed (Block 156) in or near an 
internal organ 48 of interest, such as the vasculature leading to 
the internal organ 48. Position and/or orientation data 160 is 
acquired (Block 158) for the sensorelements 16 integrated on 
the reference portion 14. For example, in embodiments where 
the sensor elements 16 generate EM signals or fields, these 
signals or fields can be detected and/or measured. Such as 
using one or more antenna arrays as described above, to 
derive a position and/or orientation for each respective sensor 
element 16. 

In the depicted embodiment, image data 122 is acquired 
(Block 120) and is used to generate (Block 124) one or more 
images and/or volumes 126. Some or all of the sensor ele 
ments 16 are located (Block 162) in the images and/or vol 
umes 126 such that the position data 164 for the respective 
sensor elements 16 is obtained with respect to the images/ 
Volumes 126. In an exemplary embodiment, the sensor ele 
ments 16 are automatically located in the images/volumes 
126. For example, the sensor elements 16 may be automati 
cally located using image processing techniques such as 
intensity and/or Volume thresholding, connectivity cluster 
ing, template matching, and so forth. In addition, in some 
embodiments, the positions of the sensor elements 16 are 
known with respect to one another based on the measured 
signals or fields generated by the sensor elements 16. This 
sensor derived position data 158 may be used to find the 
sensor elements 16 in the images and/or Volumes 126. 
Once some or all of the sensorelements 16 are identified in 

the images and/or Volumes, the positions 164 of the sensor 
elements 16 located in the images and/or Volumes may be 
matched (Block 166) to the corresponding sensor element 
locations as determined from the sensor position data 160. In 
other words, the sensor elements 16 located in the images 
and/or Volumes are matched with the corresponding sensor 
elements signals and/or fields generated by the sensor ele 
ments 16. In one embodiment, this may be facilitated by using 
different sizes of sensor elements 16 on the interventional 
device 10 such that the sensor elements 16 can be distin 
guished in the image data and matched to their corresponding 
sensor signals. Likewise, a priori information about patient 
position in the images may be used to determine which sensor 
element 16 is the element and which is the proximal one, 
thereby allowing matching between the sensor element read 
ings and the identified sensor elements 16 in the images. 
Alternatively, a Sufficiently large number (i.e., four or more) 
of sensor elements 16 may be provided in one embodiment 
Such that all possible matches may be permuted and the match 
generating the Smallest registration error is selected as the 
correct match or correspondence. 

Based on the established or possible correspondences, the 
sensor element positions derived using the sensor data and the 
imaging data are registered (Block 168). As noted above, in 
Some embodiments, the registration and the establishment of 
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12 
the correspondences may actually depend on one another, i.e., 
the registration errors associated with different possible 
matches may be used to select the correct correspondence. In 
one embodiment the centroid of each sensor element 16 as 
determined in the images and/or Volumes is registered to the 
corresponding sensor element signal in the position data 
derived from the sensor elements 16. In certain implementa 
tions the registration can be accomplished using iterative 
optimization techniques or a closed form solution. As noted 
above, in certain embodiments, to obtain a unique registration 
it is generally desired that the three or more sensor elements 
not lie on or near a straight line. In certain embodiments. Such 
as in an embodiment where the interventional device 10 is a 
catheter configured for insertion into the hepatic artery, the 
interventional device may be designed so that the sensor 
elements 16 are structurally prevented from being collinear, 
i.e., the reference portion 14 may be curved. In other embodi 
ments, such as where the sensor elements 16 are not structur 
ally prevented from being collinear, feedback may be pro 
vided to the user in the event that a unique registration can not 
be determined and the user can adjust the position of the 
interventional device 10 until a unique registration is 
obtained. 
Once the sensor elements 16 are registered in both the 

sensor space (such as EM space) and the image space, the 
interventional procedure may be performed using the 
dynamic tracking of the internal organ based upon the signals 
from the sensor elements 16. For example, no further imaging 
may be performed or the image data may be updated only 
sporadically, with other updates to the images used in the 
interventional procedure being based upon the continuous, 
substantially real-time tracking of the sensor elements 16. In 
this way, even though imaging does not occur or occurs only 
sporadically during the operation, the displayed images can 
be updated and manipulated to provide an accurate and cur 
rent representation of the internal organ 48 (or other internal 
region) undergoing the procedure. 

In one implementation an interventional tool may be 
tracked (Block 152) during an interventional procedure, 
using images updated based upon the position data derived 
form the sensor elements and the registration of these signals 
with the image and/or volumes 126. Examples of such inter 
ventional tools that may be tracked include biopsy needles, 
catheters, ablation needles, and so forth. Typically the inter 
ventional tool being tracked also includes a sensor element 
16, Such as an EM sensor, so that position and/or orientation 
information for the interventional tool is also acquired, 
thereby allowing the position of the interventional tool to be 
displayed in conjunction with the image updated using the 
position data for the sensor elements 16. In this manner, a 
system Such as those described herein, may display to a user 
in real-time or substantially real-time the location of the inter 
ventional tool relative to the moving and/or deformed internal 
organ 48. 

While only certain features of the invention have been 
illustrated and described herein, many modifications and 
changes will occur to those skilled in the art. It is, therefore, to 
be understood that the appended claims are intended to cover 
all Such modifications and changes as fall within the true spirit 
of the invention. 

The invention claimed is: 
1. An interventional device comprising: 
a catheter that is suitable for placement proximate to or 

inside an internal organ Such that the catheter moves 
with the internal organ, wherein the catheter is not physi 
cally attached to the internal organ when so placed; and 
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three or more electromagnetic sensor coils integrated in a 
non-linear arrangement on a curved portion of the cath 
eter, wherein the three or more electromagnetic sensor 
coils are each sized differently from one another, 
wherein the three or more electromagnetic sensor coils 
each provides at least position information, and wherein 
the electromagnetic sensor coils are configured to be 
registered to the corresponding position information in a 
radiographic image based on the size differences 
between electromagnetic sensor coils. 

2. The interventional device of claim 1 further comprising 
one or more receiving components configured to detect posi 
tional and/or directional signals generated by the three or 
more electromagnetic sensor coils. 

3. The interventional device of claim 1 further comprising 
one or more antennas configured to detect electromagnetic 
fields generated by the three or more electromagnetic sensor 
coils. 
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4. The interventional device of claim 1 further comprising 

one or more transmitters configured to generate electromag 
netic fields detectable by the three or more electromagnetic 
sensor coils. 

5. The interventional device of claim 1 wherein each elec 
tromagnetic sensor coil further provides position information 
in three dimensions and orientation information in two direc 
tions. 

6. The interventional device of claim 1 wherein the three or 
more electromagnetic sensor coils are in fixed relation to one 
another such that the combination of the three or more elec 
tromagnetic sensor coils further provide position information 
in three dimensions and orientation information in three 
directions. 

7. The interventional device of claim 1 further comprising 
a power Supply electrically connected to the three or more 
electromagnetic sensor coils. 
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